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© ROTOR OF SYNCHRONOUS MOTOR. 



© A rotor (10) includes a plurality of permanent 
magnets (14) disposed substantially equidistantly 
^ round a shaft (12) and a plurality of laminated core 
members (16) each being disposed between the 
JJ* permanent magnets (14) and forming a magnetic 
q pole. The laminated core members (16) are formed 
by laminating and bonding a large number of thin 
^ magnetic plate cores (26) and integral type thin 
cores. The integral type thin core (26) includes a 
plurality of thin core portions having the same shape 
° and connecting portions (46) for connecting mutually 
CL the adjacent thin core portions. When a large num- 
m ber of thin cores (26) and integral type thin cores are 
integrally joined by a press work, each laminated 
core member (16) is mutually interconnected be- 



tween the adjacent laminated core members (16) 
with a relative arrangement at the time of completion 
of assembly having installation spaces of the perma- 
nent magnets (14), and an integrated type laminate 
rotor core (48) is formed. 
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TECHNICAL FIELD 

The present invention relates to a rotor for a 
synchronous motor, which includes a plurality of 
permanent magnets disposed around a shaft and 
magnetized alternately in a circumferential direc- 
tion, and a plurality of laminated core members 
disposed around the shaft while holding each per- 
* manent magnet therebetween in the circumferential 
direction so as to form magnetic poles. 



core members depends on the mechanical strength 
and processing accuracy of the rod members and 
end plates. Consequently, in the case of high 
speed motors or high torque motors, additional 
5 means for improving the mechanical strength of the 
whole structure of the rotor is required in order to 
accurately hold the permanent magnets and lami- 
nated core members in predetermined positions. 

W DISCLOSURE OF THE INVENTION 



BACKGROUND ART 

In the field of synchronous motors, a rotor as 
mentioned above, which includes permanent mag- is 
nets magnetized in a circumferential direction and 
laminated core members each forming a magnetic 
pole between the permanent magnets, the magnets 
and the core members being alternately disposed 
around a shaft, has been used. In this type of 20 
conventional rotor, each laminated core member is 
generally formed by stacking a plurality of core- 
laminations made of magnetic materials such as 
silicon steel plates. Each core-lamination may have 
recesses and projections, which are formed at cor- 25 
responding positions on respective axial end faces 
of core-lamination and can be engaged with each 
other. The core-laminations can be joined to each 
other by, e.g., press-fitting the core-laminations to- 
gether while aligning the recesses and projections 30 
of the adjacent core-laminations. Each permanent 
magnet is held between a pair of adjacent lami- 
nated core members and brought into close con- 
tact with the side faces of the latter. The permanent 
magnet may be positioned and fixedly supported in 35 
a radial direction by outer and inner hooks protrud- 
ing from the side faces of each laminated core 
member at outer and inner peripheral regions 

axial through hole formed generally at the center of 40 
each laminated core member. Each rod member 
may be connected to annular end plates which are 
arranged at both axial ends of the laminated core 
member and fixed to the rotating shaft. In this 
manner, the laminated core members and the per- 45 
manent magnets are fixedly held in the rotor 
against external force such as centrifugal force, by 
the end plates, the rod members and the hooks. 

This type of rotor uses a plurality of permanent 
magnets and laminated core members, the number 50 
of which corresponds to the number of magnetic 
poles, therefore it has problems in that the work of 
positioning or fixing the permanent magnets and 
laminated core members is complicated, increased 
working time and skilled workers are required, and 55 
thus improvement of personnel requirements and 
productivity is prevented. Further, the accuracy of 
positioning the permanent magnets and laminated 



An object of the preset invention is to provide a 
synchronous motor including permanent magnets 
and laminated core members disposed around a 
rotating shaft alternately in a circumferential direc- 
tion, which can facilitate positioning or fixing works 
of the permanent magnets and laminated core 
members in an assembling process so as to im- 
prove productivity, and also can improve a me- 
chanical strength and thus a performance and re- 
liability of a high speed or high torque motor. 

To accomplish the above objects, the present 
invention provides a rotor for a synchronous motor 
comprising a shaft; a plurality of permanent mag- 
nets disposed around the shaft at generally equal 
intervals; a plurality of core members disposed 
around the shaft while holding each of the perma- 
nent magnets therebetween in a circumferential 
direction, so as to form magnetic poles; supporting 
means for fixedly supporting the permanent mag- 
nets and the core members onto the shaft; and 
connecting means for connecting the core mem- 
bers located at desired positions around the shaft 
with each other in a relative arrangement of a 
finished rotor assembly. 

In the rotor according to the present invention, 
the connecting means enables the core members 
located at desired positions to be integrally han- 
^dlednh=¥^aT^^ 

positioned. Accordingly, the workability for assem- 
bling a rotor is significantly improved, and, after 
being assembled, the mechanical strength of a 
rotor structure is improved because the connecting 
means assists the support of the core members 
and the permanent magnets against an external 
force such as a centrifugal force. 

In a preferred embodiment of the present in- 
vention, each of the core members is a laminated 
core member formed by axially stacking and join- 
ing a plurality of core-laminations made of mag- 
netic materials, and the connecting means com- 
prises at least one integral core-lamination made of 
a magnetic material, the integral core-lamination 
including sections which are inserted between the 
core-laminations of the laminated core members 
located at the desired positions and are joined to 
adjacent core-laminations. In this case, the integral 
core-lamination may include core-lamination sec- 
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tlons having shapes generally the same as those of 
the core-laminations of the laminated core mem- 
bers and the number thereof being the same as the 
number of magnetic poles so as to be inserted and 
joined between the core-laminations, and connect- 
ing portions extended from the core-lamination sec- 
tions so as to annularly connect all of the core- 
lamination sections in a predetermined arrange- 
ment, whereby all of the core-lamination sections 
are connected in such a relative arrangement of a 
finished rotor assembly that a space for locating 
each permanent magnet is defined between adja- 
cent core-lamination sections, so as to form an 
integral laminated rotor core. Alternatively, the in- 
tegral core- 1 ami nation may include core-lamination 
sections having shapes being generally the same 
as those of the core-laminations of the laminated 
core members and the number thereof being half 
the number of magnetic poles so as to be inserted 
and joined between the core-laminations, and con- 
necting portions extended from the core-lamination 
sections so as to annularly connect all of the core- 
lamination sections in a predetermined arrange- 
ment, whereby all of the laminated core members 
forming the same magnetic poles are connected in 
such a relative arrangement of a finished assembly 
that a space for locating one laminated core mem- 
ber forming another magnetic pole and two perma- 
nent magnets is defined between adjacent core- 
lamination sections. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The foregoing and the other objects, features, 
and advantages of the present invention will be 
described with reference to the embodiments 
shown in the accompaning drawings, in which; 

Fig. 1A is a side view of a rotor according to an 

embodiment 1 of the present invention; 

Fig. 1 B is a sectional view taken along line l-I of 

Fig. 1A; 

Fig. 2A is a perspective view of an integral 
laminated rotor core of the rotor shown in Fig. 
1A; 

Fig. 2B is a perspective view of a part taken 
along line ll-ll of Fig. 2A; 

Fig. 3A is a plan view of a core-lamination of the 
integral laminated rotor core shown in Fig. 2A; 
Fig. 3B is a sectional view taken along line Ill-Ill 
of Fig. 3 A; 

Fig. 4 is a plan view of an integral core-lamina- 
tion of the integral laminated rotor core shown in 
Fig. 2A; 

Fig. 5A is a side view of a rotor according to an 
embodiment 2 of the present invention; 
Fig. 5B is a sectional view taken along line V-V 
of Fig. 5A; 
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Fig. 6 is a perspective view of an integral lami- 
nated rotor core of the rotor shown in Fig. 5A; 
Fig. 7 is a plan view of a core-lamination of the 
integral laminated rotor core shown in Fig. 6; 
5 Fig. 8 is a plan view of an integral core-lamina- 

tion of the integral laminated rotor core shown in 
Fig. 6; 

Fig. 9 is a plan view of an integral core-lamina- 
tion of a rotor according to an embodiment 3 of 
io the present invention; 

Fig. 10 is a perspective view of an integral 
laminated rotor core using the integral core- 
lamination shown in Fig. 9; 

Fig. 11 A is a perspective view of an integral 
75 laminated rotor core of a rotor according to an 
embodiment 4 of the present invention; 
Fig. 11B is a schematic view of a laminated 
construction of the integral laminated rotor core 
shown in Fig. 11 A; 
20 Fig. 12A is a perspective view of an integral 
laminated rotor core of a rotor according to an 
embodiment 5 of the present invention; 
Fig. 12B is a schematic view of a laminated 
construction of the integral laminated rotor core 
25 shown in Fig. 12A; 

Fig. 13 is a plan view of an integral core-lamina- 
tion of a rotor according to an embodiment 6 of 
the present invention; 

Fig. 14 is a sectional view of a rotor according 
30 to an embodiment 7 of the present invention; 

Fig. 15A and 15B are plan views of integral 
core-laminations of a rotor shown in Fig. 14; 
Fig. 16A is a perspective view of two integral 
laminated rotor cores of the rotor shown in Fig. 
35 14; 

Fig. 16B is a perspective view of a part taken 
along line XVI-XVI of Fig. 16A; 
Fig. 17 is a plan view of a modification of a 
core-lamination of the integral laminated rotor 

40 core shown in Fig. 1 6; 

Fig. 18 is a sectional view of a rotor according 
to an embodiment 8 of the preset invention; 
Figs. 19A and 19B are plan views of integral 
core-laminations of a rotor shown in Fig. 18; 

45 Fig. 20 is a sectional view of a rotor according 
to an embodiment 9 of the present invention; 
Fig. 21 is a flow chart showing a manufacturing 
process of the integral laminated rotor core 
shown in Fig. 11 A; 

50 Fig. 22 is an illustration of stamped products 
formed at respective steps according to the 
manufacturing process shown in Fig. 21; and 
Fig. 23 is an illustration showing a manufactur- 
ing process of the integral laminated rotor core 

55 shown in Fig. 14 by stamped products formed at 
respective steps thereof. 
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BEST MODE OF CARRYING OUT THE INVEN- 
TION 

In the following description of embodiments, 
the same or similar components are represented 
by the same reference numerals. 

Embodiment 1 

Referring to the drawings, Figs. 1A and 1B 
show a rotor 1 0 for a synchronous motor according 
to the embodiment 1 of the present invention. The 
rotor 10 includes a shaft 12, a plurality (six in this 
embodiment) of permanent magnets 14 disposed 
around the shaft 12 at generally equal intervals and 
magnetized alternately in a circumferential direc- 
tion, and a plurality (six in this embodiment) of 
laminated core members 16 disposed around the 
shaft 12 while holding each permanent magnet 14 
therebetween in the circumferential direction so as 
to form magnetic poles. Each permanent magnet 
14 is held between and brought into close contact 
with the side faces of adjacent laminated core 
member 16. Each laminated core member 16 in- 
cludes outer hooks protruding from both side faces 
at outer peripheral regions thereof Therefore, each 
permanent magnet 14 is positioned in a radial 
direction by the outer hook of the laminated core 
member 16 and fixedly supported against centri- 
fugal force. The laminated core members 16 are 
respectively provided with rod holes 20 axially pen- 
etrating through the generally center portions of the 
core members, and rod members 22 are inserted 
into respective rod holes 20. These rod members 
22 are connected to a pair of annular end plates 24 
arranged at both axial ends of the laminated core 
members 16. Each end plate 24 is fixed to the 
shaft 12 by shrink fitting or bonding. 

core members 16 forming six magnetic poles of 
the rotor 10 are formed by stacking a plurality of 
core-laminations 26 made of magnetic materials 
such as silicon steel plates and joining them to 
each other. As more clearly shown in Figs. 3A and 
3B, the core-lamination 26 has a generally sector 
shape in a plan view, which includes an arcuate 
inner edge 28 adapted to surround the shaft 12, an 
outer edge 30 with a predetermined curved-out 
shape adapted to be opposed to a stator (not 
shown), and both sides 32 adapted to be brought 
into contact with the permanent magnet 14. The 
core-lamination 26 is provided at both sides 32 
thereof with outer hook elements 18' extended from 
the outer edge 30, and at the center thereof with a 
rod hole element 20\ When the core-laminations 
26 are stacked in an exactly superimposed man- 
ner, the outer hook elements 18' and the rod hole 
elements 20' are axially joined and form the outer 
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hook 18 and the rod hole 20. The core- 1 ami nation 
26 is provided on respective axial end faces there- 
of with a recess 34 and a projection 36 formed at a 
corresponding position, the projection being able to 

5 be fitted into the recess. The core-laminations 26 
are stacked in such a manner that the recess 34 
and the projection 36 of the adjacent core-lamina- 
tions 26 are aligned with each other, and after that 
the core-laminations 26 are joined together by a 

10 press-fitting process using, e.g., a press machine 
(not shown). 

As shown in Figs. 2A and 2B, a plurality of 
integral core-laminations 38 are inserted or ar- 
ranged at predetermined positions in a laminated 

75 construction formed by the core-laminations 26 of 
each laminated core member 16. As shown in Fig. 
4, the integral core-lamination 38 includes six core- 
lamination sections 40 each having the same shape 
as the core-lamination 26. Each core- lamination 

20 section 40 is stacked and joined together with the 
large number of core-laminations 26 in the above- 
mentioned manner to form the laminated core 
member 16. The core-lamination section 40 in- 
cludes connecting portions 46 extended in the cir- 

25 cumferential direction from both sides 42 at an 
inner edge 44 of the core-lamination section. The 
core-lamination sections 40 are mutually connected 
through the connecting portions 46 in such a rela- 
tive arrangement that a space for locating the per- 

30 manent magnet 14 is defined between the adjacent 
core-lamination sections 40. In this manner, the 
integral core-lamination 38, of which all core-lami- 
nation sections 40 are annularly connected, is 
formed. 

35 In the illustrated embodiment, four integral 

core-laminations 38 are arranged at two positions 
dividing the laminated length of the core-lamina- 
tions 26 of each laminated core member 16 into 
thTeeHaenefal 

40 nations being arranged at each of the two posi- 
tions. When the large number of core-laminations 
26 and the four integral core-laminations 38, which 
are arranged in this manner, are joined together by 
a press-fitting process, the laminated core mem- 

45 bers 16 are mutually connected in such a relative 
arrangement of a finished assembly that a space 
for locating the permanent magnet 14 is defined 
between the adjacent laminated core members 16 
as shown in Fig. IB, whereby an integral laminated 

so rotor core 48 is formed (see Fig. 2A). It should be 
noted that a different number of the integral core- 
laminations 38 may be provided other than the 
above-mentioned number, but preferably a small 
number are provided as long as the mechanical 

55 strength of the connecting structure between the 
laminated core members can be maintained, from 
the viewpoint of the reduction of magnetic leakage. 
Also, the integral core-laminations 38 may have 

4 
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various arrangements in the laminated structure 
other than the above-mentioned arrangement, but 
preferably have a regular and symmetrical arrange- 
ment in order to obtain an entirely balanced 
strength. 

The connecting poritons 46 of the integral 
core-lamination 38 are formed thinner as long as 
the mechanical strength can be maintained, in or- 
% der to prevent magnetic leakage as much as possi- 
ble. As shown in Fig. 1B, in the integral laminated 
rotor core 48, the connecting portions 46 of the 
integral core- 1 ami nation 38 are abutted onto the 
inner surfaces of the permanent magnets 1 4, which 
are opposed to the shaft 12, and cooperate with 
the outer hooks 18 of the laminated core members 
1 6 so as to position and fixedly support the perma- 
nent magnets 14. Consequently, the laminated core 
members 16 do not require inner hooks as used in 
a conventional structure, and the magnetic leakage 
caused by the inner hooks can be eliminated. 
Thus, it has been observed that the magnetic leak- 
age in the integral laminated rotor core 48 is, as a 
whole, about the same as that in the conventional 
structure. 

The integral laminated rotor core 48 having the 
above-mentioned structure makes it possible to 
integrally handle the laminated core members 16 
with the same number (six in this embodiment) as 
the number of magnetic poles in a state in which 
they are previously positioned relative to each oth- 
er. Accordingly, in the assembling process of the 
rotor 10, the permanent magnets 14 can be held 
between the laminated core members 16 merely 
by inserting and fitting the permanent-magnets 14 
into the spaces for locating permanent magnets 
defined in the integral laminated rotor core 48, 
whereby the workability is remarkably improved in 
the subsequent step of fitting to the shaft 1 2. 

Embodiment 2 

Figs. 5A and 5B show a rotor 50 according to 
an embodiment 2 of the present invention. The 
rotor 50 includes an integral laminated rotor core 
52 which has a structure similar to the integral 
laminated rotor core 48 of the embodiment 1. As 
shown in Fig. 6, the integral laminated rotor core 
52 includes a plurality of laminated core members 
56 which are formed by stacking and joining the 
large number of core-laminations 54. These lami- 
nated core members 56 are connected together by 
integral core-laminations 58 which are inserted in to 
the predetermined positions in the laminated struc- 
ture of the core-laminations 54 and joined together 
with the latter. As shown in Fig. 7, the core-lamina- 
tion 54 has substantially the same shape as the 
core-lamination 26 of the embodiment 1, except 
that inner hooks 64' are extended in a circumferen- 



tial direction from both sides 60 at an inner edge 
62. The inner hooks 64' form inner hooks 64 of the 
laminated core member 56 by stacking a plurality 
of core-laminations 54. The inner hooks 64 coop- 

5 erate with outer hooks 66 so as to position and 
fixedly support the permanent magnet 1 4. 

As shown in Fig. 6, two integral core-lamina- 
tions 58 are arranged at two positions dividing the 
laminated length of each laminated core member 

70 56 into three generally equal parts, in the same 
manner as the embodiment 1. Of course, other 
numbers or arrangements of the integral core-lami- 
nations 58 may be adopted. As shown in Fig. 8, the 
integral core- lamination 58 includes a plurality of 

75 core-lamination sections 68 each having the same 
shape as the core-lamination 54. Each core-lamina- 
tion section 68 is stacked and joined together with 
the large number of core-laminations 54 so as to 
form the laminated core member 56. The core- 

20 lamination section 68 includes connecting portions 
74 extended in the circumferential direction from 
both sides 70 at an outer edge 72 of the core- 
lamination section. The core-lamination sections 68 
are mutually connected through the connecting 

25 portions 74 in such a relative arrangement that a 
space for locating the permanent magnet 14 is 
defined between the adjacent core-lamination sec- 
tions 68. 

In the rotor 50 including the integral core- 
30 laminations 58, the connecting portions 74 for for- 
ming the integral laminated rotor core 52 are pro- 
vided on the outer peripheral edge region adapted 
to be opposed to a stator, therefore the magnetic 
leakage performance and the influence for mag- 
35 netic flux distribution in an air-gap between the 
stator and rotor are inferior to some extent to the 
embodiment 1. However, the connecting portions 
74 reinforce the support of the permanent magnets 
against an external force such as a centrifugal 
40 force, and thereby improve the mechanical strength 
of the rotor structure. 

Embodiment 3 

45 The rotor according to the present invention 

may use an integral core-lamination 76 as shown in 
Fig. 9, in order to form an integral laminated rotor 
core. The integral core-lamination 76 includes a 
plurality of core-lamination sections 78 which have 

so substantially the same shape as the core-lamina- 
tion 26 of the embodiment 1. Each core-lamination 
section 78 includes outer peripheral connecting 
portions 84 extended in the circumferential direc- 
tion from both sides 80 at an outer edge 82 and 

55 inner peripheral connecting portions 88 extended in 
the circumferential direction from both sides 80 at 
an inner edge 86. The core-lamination sections 78 
are mutually connected through the outer and inner 
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peripheral connecting portions 84 and 88 in such a 
relative arrangement that a space 90 for locating a 
permanent magnet is defined between the adjacent 
core-lamination sections 78. 

Each core-lamination section 78 of the integral 
core-lamination 76 is stacked and joined with the 
core-laminations 26 of the embodiment 1. An in- 
tegral laminated rotor core 94 is formed in this 
•v manner, which includes a plurality of laminated 
core members 92 connected to each other. In the 
case of using the integral core-lamination 76, the 
magnetic leakage performance and the influence 
on magnetic flux distribution in an air-gap are in- 
ferior to some extent to the embodiment 1, be- 
cause the structure has the outer peripheral con- 
necting portions 84. However, the mechanical 
strength of the integral laminated rotor core 94 is 
more stable than that of both the above embodi- 
ments. Also, the workability for assembling the 
rotor is better than both of the above embodiments. 

Embodiment 4 

An integral laminated rotor core 96 as shown in 
Fig. 11A is formed by replacing two of four integral 
core-laminations 38 of the inner periphery connect- 
ing type (Fig. 4), in the integral laminated rotor 
core 48 of the embodiment 1, with the integral 
core-laminations 76 of the inner and outer peripher- 
ies connecting type (Fig. 9). From the viewpoint of 
rotor balance, it is preferred that one integral core- 
lamination 38 is directly superimposed on one in- 
tegral core-lamination 76 and they are arranged at 
two positions that divide the laminated length of 
rotor into three generally equal parts. The integral 
laminated rotor core 96 has a mechanical strength 
greater than that of the integral laminated rotor 
core 48 of the embodiment 1 and a magnetic 
jerforfnanee^tfperiort 
nated rotor core 94 of the embodiment 3. 

Embodiment 5 

An integral laminated rotor core 98 as shown in 
Fig. 12A is formed by adding two integral core- 
laminations 58 of the outer periphery connecting 
type (Fig. 8) to the integral laminated rotor core 48 
of the embodiment 1, which includes four integral 
core-laminations 38 of the inner periphery connect- 
ing type (Fig. 4). In the illustrated embodiment, 
from the viewpoint of rotor balance, two mutually 
superimposed integral core-laminations 58 are ar- 
ranged at a generally center position between the 
positions of the two integral core-laminations 38 as 
shown in Fig. 2B (see Fig. 12B). The integral 
laminated rotor core 98 has a mechanical strength 
and a magnetic performance generally equal to 
those of the integral laminated rotor core 96 of the 



embodiment 4. 

Embodiment 6 

5 Fig. 13 shows an integral core-lamination 100 

with a different shape, used to form an integral 
laminated rotor core according to the present in- 
vention. The integral core-lamination 100 includes a 
plurality of core-lamination sections 102, each of 
io which has the same shape as the core-lamination 
54 of the embodiment 2 (Fig. 7). Each core-lamina- 
tion section 102 is inserted into the predetermined 
position in the laminated structure of the large 
number of core-laminations 54 and joined together 
75 with the latter. Each core-lamination section 102 
includes a first connecting portion 106 extended in 
a radially inward direction from generally the center 
of an inner edge 104 of the core-lamination section, 
and is supported by an annular connecting portion 
20 108 adapted to surround the shaft 12 through the 
first connecting portion 106. In this manner, the 
core-lamination sections 102 are mutually connect- 
ed in such a relative arrangement that a space for 
locating a permanent magnet 14 is defined be- 
25 tween the adjacent core-lamination sections 1 02. 

In the case of using the integral core-lamina- 
tions 100 of the embodiment 6 in place of the 
integral core-laminations 58 in the integral lami- 
nated rotor core 52 of the embodiment 2, the 
30 magnetic leakage through the first connecting por- 
tions 106 and the annular connecting portion 108 is 
extremely reduced, because the first connecting 
portions 106 are disposed at the region having low 
magnetic flux density from the viewpoint of mag- 
35 netic flux flow (shown as arrows in Fig. 13) when 
the permanent magnets are assembled in the in- 
tegral laminated rotor core 52. The effect of this 
embodiment on preventing magnetic leakage is 
tremefy^uperior-w^mparison^wrth^e^effect^^ 
40 the embodiment 1 . It is noted that a plurality of first 
connecting portions 106 may be extended in par- 
allel from the general center region of the inner 
edge 104 of the core-lamination section 102 to 
such an extent that the magnetic leakage is not 
45 increased. In this case, the stiffness of the lami- 
nated core member 56 (Fig. 6) against revolution 
about the first connecting portion 106 is increased. 



50 



Embodiment 7 



In the above-mentioned embodiments, there is 
a problem as to how the magnetic leakage can be 
inhibited, which is caused by the connecting por- 
tions of the integral core-lamination used for for- 
55 ming the integral laminated rotor core. In this re- 
spect, by integrating only the laminated core mem- 
bers of the same pole instead of integrating ail 
laminated core members of the rotor, the magnetic 
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leakage can be substantially eliminated. 

A rotor 110 as shown in Fig. 14 includes a 
plurality of laminated core members 112, 114, both 
being formed by stacking the large number of 
core-laminations 54, in the same manner as the 
embodiment 2. The laminated core members 112 
and 114 are alternately magnetized by the perma- 
nent magnets 14. In the illustrated embodiment, 
three laminated core members 112 establishing N- 
poles are mutually connected through first integral 
core-laminations 116 which are inserted and joined 
to the predetermined positions in a laminated struc- 
ture, and three laminated core members 114 estab- 
lishing S-poles are mutually connected through 
second integral core-laminations 118 which are in- 
serted and joined to the predetermined positions in 
a laminated structure. 

As shown in Figs. 15A and 15B, the first in- 
tegral core- lamination 116 has the same structure 
as the second integral core-lamination 118, and 
both include three core-lamination sections 120 
each having the same shape as the core-lamination 
54. Each core-lamination section 120 includes a 
first connecting portion 124 extended in a radially 
inward direction from a generally center of an inner 
edge 122 of the core-lamination section, and is 
supported by an annular connecting portion 126 
adapted to surround the shaft 12 (Fig. 14) through 
the first connecting portion 124. In this manner, the 
core-lamination sections 120 are mutually connect- 
ed in such a relative arrangement that a space for 
locating two permanent magnets 14 (Fig. 14) and 
one another pole's core-lamination section 120 is 
defined between the adjacent core-lamination sec- 
tions 120. 

As shown in Figs. 16A and 16B, four first 
integral core-laminations 116 are mutually superim- 
posed and arranged at a position spaced a dis- 
tance of generally one-third of a laminated length 
from one axial end face of the laminated core 
member 112 establishing a N-pole, and the core- 
lamination sections 120 thereof are joined together 
with the large number of core-laminations 54 by a 
press-fitting process. Also, four second integral 
core-laminations 118 are mutually superimposed 
and arranged at a position spaced a distance of 
generally one-third of a laminated length from one 
axial end face of the laminated core member 114 
establishing a S-pole, and the core-lamination sec- 
tions 120 thereof are joined together with the large 
number of core-laminations 54 by a press-fitting 
process. In this manner, an integral laminated rotor 
core 128 for N-poles and an integral laminated 
rotor core 130 for S-poles are formed. Then, the 
integral laminated rotor core 128 for N-poles and 
the integral laminated rotor core 130 for S-poles 
are assembled together in such a manner that the 
respective three laminated core members 112 and 
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114 are positioned alternately in a circumferential 
direction, and that the annular connecting portions 
126 of the respective integral core-laminations 116 
and 118 do not interfere with each other. After that, 

5 the permanent magnets 14 are inserted between 
the respective adjacent laminated core members 
112, 114. In this state, the integral laminated rotor 
cores 128 and 130 are fixedly installed onto the 
shaft 12 through the rod members 22 and the end 

io plates 24 in the same manner as the embodiments 
1 to 6, whereby the rotor 110 shown in Fig. 14 is 
formed. 

In the rotor 110, the laminated core members 
112, 114 of the same magnetic poles are respec- 

75 tively integrated, therefore, in comparison with the 
structures of the embodiments 1 to 6, in which all 
laminated core members are integrated, the as- 
sembling workability is inferior to some extent but 
the magnetic leakage is substantially eliminated. Of 

20 course, it has a superior workability in comparison 
with the conventional structure in which all lami- 
nated core members are separated. The integral 
core-laminations 116, 118 may have various ar- 
rangements and different numbers of the laminated 

25 core members 112, 114, other than those men- 
tioned above. However, it is necessary to eliminate 
a mutual contact between the annular connecting 
portions 126 of the integral core-laminations 116, 
118 when the integral laminated rotor core 128 for 

30 N-poles is assembled with the integral laminated 
rotor core 130 for S-poles. Further, a well balanced 
arrangement as a whole is required. 

The connecting construction between the core- 
lamination sections 120 of the integral core lamina- 

35 tion 116, 118 is not restricted as the first and 
annular connecting portions 124 and 126 as men- 
tioned above, but may be use connecting portions 
132 each having a shape easily made by a stamp- 
ing process, as shown in Fig. 17. In the case of 

40 using this shape, the connecting portions 132 must 
be formed so as to eliminate any contact with the 
adjacent core-laminations 54 of another pole. 

Embodiment 8 

45 

A rotor 134 shown in Fig. 18 includes a shaft 
136 made of a non-magnetic material such as a 
stainless steel. Further, a first integral core-lamina- 
tion 138 shown in Fig. 19A is used to connect the 

so laminated core members 112 for N-poles with each 
other, and a second integral core-lamination 140 
shown in Fig. 19B is used to connect the laminated 
core members 114 for S-poles with each other. 
Each of the integral core-laminations 138, 140 has 

55 a structure similar to that of each integral core- 
lamination 116, 118 in the embodiment 7, but, 
regarding the connecting construction between the 
core-lamination sections, includes first connecting 

7 
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portions 142 and an annular connecting portion 144 
both having higher strength. The inner diameter of 
the annular connecting portion 144 is generally 
equal to the outer diameter of the shaft 1 36. There- 
fore, the annular connecting portion 144 is closely 
fit to the shaft 136, whereby the mechanical 
strength of the rotor 134, particularly the strength 
against radial load applied to the shaft 136, can be 
> further improved. 

Embodiment 9 

In the rotor of the embodiments 1 to 8, it is 
possible to form a high-power multi-section rotor 
by disposing axially side by side a plurality of 
integral laminated rotor cores with the same struc- 
ture. For example, as shown in Fig. 20, two integral 
laminated rotor cores 48 in the embodiment 1 are 
disposed axially side by side through a circular 
plate member 146, and are fixedly installed to the 
shaft 12 through the rod members 22 and the end 
plates 24, whereby a high-power rotor 148 can be 
formed. In this case, the permanent magnets 14 of 
the embodiment 1 may be used as they are, or 
longer permanent magnets having overall lengths 
corresponding to the total length of two integral 
laminated rotor cores 48 may be used. 

Manufacturing Process 

The integral laminated rotor cores of the rotors 
according to the embodiments 1 to 9 can be con- 
veniently manufactured by one progressive die ma- 
chine which can carry out various processes while 
choosing desired press-stations, from the viewpoint 
of maintaining productivity. A manufacturing pro- 
cess for an integral laminated rotor core 96 accord- 
ing to the embodiment 4 is schematically de- 
scriB§ar&T^aT~^ 

21 and 22. In this case, an integral core-lamination 
76 of inner and outer peripheries connecting type 
(Fig. 9) is formed as a basic shape by stamping a 
flat rolled magnetic steel sheet, at a first station S1. 
The integral core-lamination 76 is conveyed suc- 
cessively to following stations by a conveying de- 
vice of the progressive die machine. At a next 
station S2, whether to cut outer peripheral connect- 
ing portions 84 or not is decided. If the integral 
core- 1 ami nation was not cut, it is conveyed to the 
last station S4 so as to be used as the integral 
core-lamination 76. Further at a next station S3, 
whether to cut inner peripheral connecting portions 
88 or not is decided. If the integral core-lamination 
was not cut, it is conveyed to the last station S4 so 
as to be used as an integral core-lamination 38 of 
inner periphery connecting type (Fig. 4), and if the 
integral core-lamination was cut, it is conveyed to 
the last station S4 so as to be used as six core- 
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laminations 26 while keeping the relative arrange- 
ment. At the last station S4, the integral core- 
laminations 76, the integral core-laminations 38 and 
the core-laminations 26 are collected into the 

5 above-mentioned stacking arrangement, and are 
joined with each other by press-fitting, so as to 
form the integral laminated rotor core 96. 

Fig. 23 shows a manufacturing process for an 
integral laminated rotor core 128 for N-poles and 

io an integral laminated rotor core 130 for S-poles 
according to the embodiment 7, which uses the 
above progressive die machine. First, an integral 
core-lamination (identical to the integral core-lami- 
nation 100 in the embodiment 6), of which all core- 

75 lamination sections 120 are connected by an an- 
nular connecting portion 126, is formed as a basic 
shape by stamping a flat rolled magnetic steel 
f sheet, at a first station S1 . At a next station S2, 
whether to cut every other one of first connecting 

20 portions 124 of the core-iamination sections 120 or 
not is decided. If the integral core-lamination was 
not cut, it is conveyed to a next station S3. Further 
at the next station S3, whether to cut first connect- 
ing portions 124 of the remaining three core-lami- 

25 nation sections 120 or not is decided. If the integral 
core-lamination was not cut at the stations S2 and 
S3, it is conveyed to the last station S4, after 
removing the annular connecting portion 126, so as 
to be used as six separated core-laminations 54 

30 while keeping the relative arrangement. If the in- 
tegral core-lamination was cut at the station S2 and 
was not cut at the station S3, it is conveyed to the 
last station S4 so as to be used as a first integral 
core-lamination 116 and three separated core-lami- 

35 nations 54 while keeping the relative arrangement. 
If the integral core-lamination was not cut at the 
station S2 and was cut at the station S3, it is 
conveyed to the last station S4 so as to be used as 
=±= ~ ==== r=sec^^ 

40 separated core-laminations 54 while keeping the 
relative arrangement. At the last station S4, the first 
integral core-laminations 116, the second integral 
core-laminations 118 and the core-laminations 54 
are collected into the above-mentioned stacking 

45 arrangement, and are joined with each other by 
press-fitting, so as to respectively form the integral 
laminated rotor core 128 for N-poles and the in- 
tegral laminated rotor core 130 for S-poles in a 
relative arrangement of a finished assembly. 

so As is clear from the above description, the 

present invention provides an integral laminated 
rotor core in which laminated core members for- 
ming magnetic poles are connected with each oth- 
er, by inserting at least one integral core-lamination 

55 into the laminated structure of the laminated core 
members. Therefore, the work of positioning or 
fixing permanent magnets and laminated core 
members in an assembling process of a rotor is 

8 
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facilitated, and productivity is significantly im- 
proved. Further, the mechanical strength of a rotor 
is improved by the integral laminated rotor core. 
Consequently, the performance and reliability of 
high speed or high torque motors can be improved 5 
by using the rotor according to the present inven- 
tion. 

The present invention has been described in 
relation to the various embodiments shown in the 
attached drawings, but is not restricted by the 10 
above descriptions, and various changes and modi- 
fications can be carried out without departing from 
the spirit and scope of the invention recited in the 
appended claims. 

75 
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Claims 

1. A rotor for a synchronous motor comprising: 

a shaft; 

a plurality of permanent magnets disposed 
around said shaft at generally equal intervals; 

a plurality of core members disposed ar- 
ound said shaft while holding each of said 
permanent magnets therebetween in a circum- 
ferential direction, so as to form magnetic 
poles; 

supporting means for fixedly supporting 
said permanent magnets and said core mem- 
bers onto said shaft; and 

connecting means for connecting said core 
members located at desired positions around 
said shaft with each other in a relative arrange- 
ment of a finished rotor assembly. 

2. A rotor as set forth in claim 1, wherein said 
connecting means connects all of said core 
members. 

3. A rotor as set forth in claim 1. wherein said 
connecting means connects said core mem- 
bers having the same magnetic poles. 

4. A rotor as set forth in claim 1, wherein each of 
said core members is a laminated core mem- 
ber formed by axially stacking and joining a 
plurality of core-laminations made of magnetic 
materials, and said connecting means com- 
prises at least one integral core-lamination 
made of a magnetic material, said integral 
core-lamination including sections which are 
inserted between said core-laminations of said 
laminated core members located at said de- 
sired positions and are joined to adjacent core- 
laminations. 

5. A rotor as set forth in claim 4, wherein said 
integral core-lamination includes core-lamina- 
tion sections having shapes being generally 
the same as those of said core-laminations of 
said laminated core members and a number 
thereof being the same as a number of mag- 
netic poles so as to be inserted and joined 
between said core-laminations, and connecting 
portions extended from said core-lamination 
sections so as to annularly connect all of said 
core-lamination sections in a predetermined ar- 
rangement, whereby all of said core-lamination 
sections are connected in such a relative ar- 
rangement of a finished rotor assembly that a 
space for locating each permanent magnet is 
defined between adjacent core-lamination sec- 
tions, so as to form an integral laminated rotor 
core. 
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6. A rotor as set forth in claim 5, wherein said 
connecting portions of said integral core-lami- 
nation are extended in a circumferential direc- 
tion from both sides of respective ones of said 
core-lamination sectiorrs on at least one of 5 
inner edges opposed to said shaft and outer 
edges remote from said shaft. 

7. A rotor as set forth in claim 5, wherein said 
connecting means comprises first and second io 
said integral core-laminations having different 
shapes, said connecting portions of said first 
integral core- lamination are extended in a cir- 
cumferential direction from both sides of re- 
spective ones of said core-lamination sections is 
of said first integral core-lamination on both of 
inner edges opposed to said shaft and outer 
edges remote from said shaft, and said con- 
necting portions of said second integral core- 
lamination are extended in a circumferential 20 
direction from both sides of respective ones of 

said core-lamination sections of said second 
integral core-lamination on inner edges op- 
posed to said shaft. 

25 

8. A rotor as set forth in claim 5, wherein said 
connecting means comprises first and second 
said integral core-laminations having different 
shapes, said connecting portions of said first 
integral core-lamination are extended in a cir- 30 
cumferential direction from both sides of re- 
spective ones of said core-lamination sections 

of said first integral core-lamination on outer 
edges remote from said shaft, and said con- 
necting portions of said second integral core- 35 
lamination are extended in a circumferential 
direction from both sides of respective ones of 
said core-lamination sections of said second 
=± ^ntegrah^re4amination 



posed to said shaft. 



so as to be inserted and joined between said 
core-laminations, and connecting portions ex- 
tended from said core-lamination sections so 
as to annularly connect all of said core- lamina- 
tion sections in a predetermined arrangement, 
whereby all of said laminated core members 
forming the same magnetic poles are con- 
nected in such a relative arrangement of a 
finished assembly that a space for locating one 
laminated core member forming another mag- 
netic pole and two permanent magnets is de- 
fined between adjacent core-lamination sec- 
tions. 

11. A rotor as set forth in claim 10, comprising an 
integral laminated rotor core for N-poIes 
formed by connecting all of said laminated 
core members forming N-poles with each oth- 
er, and an integral laminated rotor core for S- 
poles formed by connecting all of said lami- 
nated core members forming S-poles with 
each other separately from said laminated core 
members for N-poles. 

12. A rotor as set forth in claim 10, wherein said 
connecting portions of said integral core-lami- 
nation include first connecting portions ex- 
tended in a radially inward direction generally 
from centers of inner edges, opposed to said 
shaft, of respective ones of said core-lamina- 
tion sections, and a second annular connecting 
portion connecting said first connecting por- 
tions with each other and surrounding said 
shaft. 

13. A rotor as set forth in claim 12, wherein said 
shaft is made of a non-magnetic material, and 
said second annular connecting portion of said 

^^ntegral^ore^lamiryati o n ^ is~e ingaged^ivitrf^an^ 
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outer surface of said shaft. 



9. A rotor as set forth in claim 5, wherein said 
connecting portions of said integral core-lami- 
nation include first connecting portions ex- 
tended in a radially inward direction generally 45 
from centers of inner edges, opposed to said 
shaft, of respective ones of said core-lamina- 
tion sections, and a second annular connecting 
portion connecting said first connecting por- 
tions with each other and surrounding said 50 
shaft. 

10. A rotor as set forth in claim 4, wherein said 
integral core-lamination includes core-lamina- 
tion sections having shapes being generally 55 
the same as those of said core-laminations of 

said laminated core members and a number 
thereof being half a number of magnetic poles 



14. A rotor as set forth in claim 4, wherein said 
integral core-lamination and said core-lamina- 
tions are respectively formed by stamping into 
predetermined shapes by one progressive die 
machine which can carry out various pro- 
cesses while choosing desired press-stations, 
and said laminated core members are formed 
by press-fitting and joining said integral core- 
lamination and said core-laminations, both of 
which have been stamped, with each other in a 
last press-station of said progressive die ma- 
chine, whereby said laminated core members 
located at desired positions are connected with 
each other in a relative arrangement of a fin- 
ished rotor assembly. 
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Fig.2B 
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